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Abstract 
Because of the increasing concerns with environmental quality and sustainable development, nuclear has 
been seen as an important alternative to conventional energy sources in China. According to the "Long-
term development plan for nuclear power industry (2005 to 2020)" which released in 2006, China 
projected to create 70 GWe installed capacity by 2020, and 250 GW or over by 2030.  This ambitious plan 
also faces considerable risks with respect to new technology adaption, construction management, project 
coordination and procurements. A real options method was applied to evaluate how these risks and 
uncertainties impact on the development of new power plants in China. The option model integrated with 
construction, regulatory, and operational uncertainties, factors which are under different scenarios in an 
option of abandon or delay regarding the project development and technology adaption. To perform the 
real options approach on China nuclear power plant sector and policy options, all necessary factors are 
considered and addressed. 
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1. Introduction 
Real Options valuation method employs   quantitative model to assess how the risks associated with the 
uncertainties in the environment for nuclear power could impact on construction of new nuclear power 
plant in terms of economic value. Possible policy and uncertainty were addressed and policy goal was 
developed as an achievable end point for the current levels of subsidy. The industry demonstrates that the 
reactors are designed with incorporated marked improvement. The new reactors, Generation III+ , such as  
Advanced Passive 1000 (AP1000) designed by Westinghouse, Economic Simplified Boiling Water 
Reactor (ESBWR) by General Electric, Advanced Boiling Water Reactor (ABWR) by Toshiba and 
Evolutionary Power Reactor (EPR) by Areva , are all making evolutionary changes to existing reactor 
designs which are Generations II and III. Theoretically, these evolutionary changes allow the developers 
and construction contractors to apply their existing knowledge of advanced construction techniques such 
as open-top, modularized construction and 3D engineering planning, to the new designs in a natural 
“evolutionary” way.  The biggest draw is the potential cost derived from improvement of standardization 
and customization in China, including the 3rd generation model currently developed by State Nuclear 
Power Engineering Company (SNPEC).  
 
2. Modeling the Risk in Nuclear Power Plant Investment 
 
In order to analyze the risks associated with new nuclear power plant development, it is necessary to 
develop an analytical framework in which risk, policy, and investment value could be appropriately 
evaluated. Real Options provided this necessary framework and attached economic logic for such of risks.  
 
2.1 Real Options and Risk 
Real options is an analytical approach which attempts to apply the principles of rational investment 
modeling, originally developed to price and evaluate investment in financial instruments, to the capital 
budgeting decisions of possible nuclear projects. Generally, real option investments (such as a nuclear 
construction project) are evaluated by extending them with assets which can be traded in an open, 
complete market using the risks associated with these spanning assets to determine the value of the project. 
The flexibility of specific decisions is the key factor to evaluate the projects—in the case of a nuclear 
power plant that option can be as simple as the choice to invest, or it could become as complicated as 
embedding series of choices to stop, start, or delay construction work within the valuation of the choice to 
invest. 
 
2.2 The investment model 
The goal of this analysis is to assess the loss of value in a nuclear project from the following prospective, 
1)Uncertain input costs which are prone to increase and fluctuate before an nuclear power plant developer 
lock-in their commodities and long lead-time components contracts, 2)The potential for activist legal or 
regulatory action which could causes a forced termination of the construction or licensing processes, 3)The 
potential that a reactor may not be relicensed owing to future political, technical, or social realities, 4) 
Organizational lock-in and mismanagement, which leave projects such as Shoreham and Seabrook from 
being abandoned when continue construction no longer make sense in terms of future economic value. 
 
Understanding these key elements of the investment decision can shed light on the roles of both policy-
making and risk-sharing as methods to incent new nuclear power plant development. Additionally, these 
results can give us a clear goal to policy, adding an endpoint, a metric from which to judge claims of 
learning and construction success, to what could otherwise become an endless subsidization process. 
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The duration of a project is uncertain, as well as its costs. In the context of nuclear power, there is a linear 
relationship exists between duration and cost which relationship can be described by stochastic differential 
equations. In order to model the licensing phase, it can be assumed that the expected cost to licensing 
completion is effected purely by input cost uncertainties. While input cost uncertainty is typically 
addressed and explained as an expected cost, in the case of the nuclear power licensing process it can be 
better conceptualized as an expected time to completion. Because there is a almost linear relationship 
between the two, this is not an issue. There is no reason to believe that uncertainty is proportional to 
remaining expected licensing cost (duration).  
 
The contract of Engineering, Procurement, and Construction must be negotiated and signed prior to the 
construction of new nuclear power plants. This long-lead procurement process eliminates the majority of 
input cost uncertainty by fixing long-term construction commodities prices and ordering long lead-time 
reactor components properly in advance. For this reason, I assume that the evolution of expected cost to 
completion during the construction phase can be best described with removing the input cost uncertainty 
parameters so that only technical uncertainties recognized during construction which can change the 
expected cost to completion.  
 
Revenue for nuclear power plants is determined by three primary factors: electricity market clearing price, 
capacity factor, and O&M costs. Capacity factor and O&M costs are treated as random parameters.  
 
Electricity prices exhibit a variety of uncertainties—long term trending risk, temporary price movements, 
slight higher deviations from the long-run mean, and certain deterministic features such as seasonal effect 
and on-peak/off-peak price division. Also, in the case of nuclear power, there have been explicit 
suggestions proposed that a hypothetical nuclear power plant development project would face barriers to 
financing due to perceived risk, the untested new technology, and fear of potential mismanagement.  
 
In regarding of public opinion risk, it can be excluded from consideration in this case since the decision 
making process is centralized in China.  
 
 
3. The Option Value 
 
With the constituent elements of the model described, the value of continuing invest in the plant is the net 
expected value of the remaining expenditures and resulting free cash flows. On a continuous basis, the 
present value, from the licensing phase is simply the integral of the discounted licensing expenditures over 
its duration. And similar arguments apply for the construction phase, unless construction is invested at a 
given rate. Additionally, construction phase only begins after the completion of licensing phase, which is 
the point of time for all construction revenue to be discounted at the cumulative rate. Once construction is 
complete, then the value of free cash flows, again, are the accumulated discount cash flows generated 
within the period between the end of construction and the end of the licensed operating period.  
 
If the sum of expected value of the project is positive (discounted revenue inflow > discounted 
licensing/construction outflow), it is reasonable to maintain the investment; if it is negative, the project 
loses its future economic value because the project is not cost effective as the NPV<0, therefore the project 
should be cancelled. Also, the time to completion and the cost to completion are uncertain. When there is a 
196   Shi HuaYu and Song Hai Tao /  Energy Procedia  39 ( 2013 )  193 – 198 
single project stage and revenues are a known constant or fluctuate as a geometric Brownian motion, this 
uncertainty produces a differential equation with no closed-form solution.  
 
 
4. Data Needed to Apply the Model 
  
The Net Present Value method relies on the estimated cash flows and the discount rate rather than any 
arbitrary assumptions, or subjective considerations. Therefore, the following three aspects must be 
considered and addressed. 1) Identification of all relevant cash inflow and out flows, 2) Determine the 
timing and size of these cash flows, 3) Determine the correct discount rate. 
 
4.1 Discounting Parameters 
Market interest rate (nominal interest rate) should be used in calculation. The rate of Treasury Bonds 
represents the market interest rate as it comprehensively measures economic and financial environment 
across the markets, therefore reflects the true time value of money both in current and expectation.  
 
4.2 Current and Future Estimated Costs of Construction 
As far as the future evolution of prices is concerned, the crucial question is whether this downward trend 
will continue or merely be a reprieve from the consistently escalating costs of power plant construction. 
We believe that in China, the prices will, in the long-run, continue their steady upward trajectory and not 
remain completely frozen for structural considerations.  
 
4.3 Operation and maintenance costs 
In order to estimate a distribution of O&M costs, data should be collected and it may suffer issues of 
partial reporting and inconsistent relative shares reported from year to year.  In this case, a certain 
probabilistic / regression model should be developed.  
4.4 Electricity Price 
Determining nuclear power plant economics required choosing an electricity market in which to site our 
prospective investment. In perspective of China, government significantly involved in price setting process 
rather than that to be justified solely by market. 
4.5 Carbon Pricing 
The price movements are sensitive to carbon pricing schemes. The difficulty in modeling a carbon price on 
the time-scales associated with the development and operation of a nuclear plant is that the long-run 
changes in generation fleet structure are difficult to predict. For this reason, studies on the price impacts of 
a market-based climate policy tend to focus on the short-term effects of the carbon price rather than long-
term one due to the demand elasticity and technological change. However, there is some guidance as to 
where the inflection points for fuel switching could occur, below these a carbon price is likely to have less 
influence on the long-term market resource mix. 
4.6 Technical Uncertainty 
It is somehow difficult to determine the particular technical uncertainty due to insufficient available 
database, the role of engineering and construction difficulties which raised from increasing material prices 
therefore cannot be correspondingly identified and addressed. Projects which are located in China may 
also contain uncertainties during technology transfer  
4.7 Other factors 
The public opinions and environmental concerns should be considered as other factors and modeled 
carefully.  
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5. Policy Options to Reduce the Risk 
By learning experience and lessons from experienced countries, policy makers are able to set up more 
targeted strategies which thereafter could creates considerable benefits in respect to uncertainty reductions. 
  
5.1 Climate Policy 
The price of CO2 should be considered since climate policy has been widely discussed recently. Climate 
policy provides another path for direct subsidization, also known as direct allocation of emissions 
allowances to new nuclear power plant, resulting in receiving of direct subsidy and allowance from 
government. Electricity price allowance with respect to climate policy is considered as indirect subsidy. 
 
5.2 Other Government Subsidies  
The current size of the loan guarantee program is designed to ensure the construction up 30 new reactors. 
But further subsidies are necessary, such as tax cuts, direct financing, and nuclear power plant licensing, 
etc. Other indirect subsidies include education and training, which are other approaches aimed to address 
possible public intervention.  
 
6. Conclusions 
 
The risk of the China nuclear industry was introduced, discussed, analyzed , the resulting analysis was 
used as demonstration to the development of a ROA model in determining the investment risk of new 
nuclear power plants. Numerous incentive policies at a central government level and targeted risk-sharing 
measures at the market level can turn the economics of new nuclear favorable, and to ensure that the first 
wave of new build is actually constructed. And, once investor heterogeneity and the potential for market-
based climate policy are taken into account, it appears as though new nuclear may be a viable investment 
at current rates of subsidy. Also China has a chance to establish a risk sharing agreement with the other 
potential economies to field test the promising but uncertain benefits of new nuclear, such as the countries 
in Middle East, India, Pakistan which can help to form a growing body of evidence of the ability of new 
generation of nuclear power plant. Even if costs and construction duration don’t begin an immediate 
decline, a primary indication of those occurrences and clear, non catastrophic construction outcomes 
should calm the general fears from investors. With the proper incentives in place, the burden falls to the 
industry and regulators to demonstrate that generation III nuclear power is, or is not, a viable energy 
resource for China in the new country. 
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